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Circulation Vol 86, No 6 December 1992 actin17-'9 were intensively studied in the overloaded heart in small mammals, little information is available on the expression and distribution of ALC1 in normal and diseased human ventricles, because usually only subendocardial tissues obtained by biopsy were examined. '3,14 In the present study, we examined LC isoform expression in the subendocardial and subepicardial myocardium of the infarcted and the noninfarcted regions in human ventricles with old myocardial infarction obtained at autopsy or left ventricular aneurysmectomy. For this purpose, we have developed two monoclonal antibodies, KA1 and KB1, which are specific for ALC1 and for both ALC1 and VLC1, respectively,20 and analyzed the expression of immunoreactive ALC1 (ir-ALC1) by Western blotting and immunohistochemical procedures.
Methods

Patients
Twelve patients with old myocardial infarction (nine men and three women; ages, 47-79 years; mean+SD, 64 .9+ 11.6 years) were studied. ECGs of all 12 patients showed abnormal Q waves on the infarct-related leads. Cardiac tissues were obtained at autopsy from six patients. The cause of death in each patient was progressive heart failure caused by myocardial infarction, malignant lymphoma, cerebral infarction, low output syndrome after coronary artery bypass graft, lung carcinoma, and ventricular fibrillation, respectively. The other six ventricular specimens were obtained from the patients who underwent ventricular aneurysmectomy. Clinical and hemodynamic data for the 12 patients are summarized in Table 1 . These data were obtained 1-3 weeks before the death or aneurysmectomy.
As the control subjects, eight autopsy cases (five men and three women; ages, 53-84 years; mean+SD, 66.4+9.8 years) were selected on the basis of the following criteria: 1) death from noncardiac disease, 2) absence of symptoms suggesting heart failure or rhythm disturbance during life, 3) absence of hypertension during life, 4) absence of marked cardiomegaly (heart weight <350 g) or myocardial infarction at autopsy, and 5) autopsy within 2 hours after death. Causes of death in the control subjects are shown in Table 1 . Written informed consent was obtained from each patient and/or from the patient's family. All left ventricular specimens but one (patient 12) were used for Western blot analysis, and all tissue samples were examined immunohistochemically.
Preparation of Tissue
A cross section consisting of right and left ventricles and interventricular septum was made perpendicular to the long axis of the heart at the middle of the base and apex. Four tissue blocks were excised transmurally from the anterior wall, lateral wall, posterior wall, and interventricular septum. In addition to the four regions, the tissues of the infarcted region determined macroscopically were also dissected transmurally. Each region was then bisected into subendocardial and subepicardial myocardium halves with a scalpel blade. In the case of left ventricular aneurysm, two or three transmural tissue blocks were dissected from a region adjacent to the scarred tissue. All tissues were frozen immediately after collection and kept at -80°C until use. 
Preparation of Monoclonal Antibodies
Specificity of the Monoclonal Antibodies
The characteristics of the antibodies used (KA1 and KB1) were described previously.20 Briefly, in Western blotting, KA1 reacted with ALC1 specifically, whereas KB1 reacted with both ALC1 and VLC1. Neither KA1 nor KB1 reacted with heavy chains or phosphorylatable light chains of these cardiac myosins (Figure 1 ). KA1 showed a higher affinity for ALC1 than KB1 did and reacted negligibly with VLC1. The lower limit of KA1 for ALC1 was 108 dilution (ascites), whereas that of KB1 for ALC1 was 107 dilution (ascites) by Western blotting. We confirmed that linear relations were observed between the protein amounts of ALC1 and VLC1 and their densitometric determinations of immunostaining and that the calculated ir-ALC1 expression ratios were similar when 2-6 gg of the total protein of the homogenate were subjected to SDS-PAGE (Figure 2 ).
Tissue Total Protein Concentration
The protein concentration of each tissue was expressed as the total protein amount of the tissue homogenate (in milligrams) corrected by the wet weight (in grams) (Figure 3) . The The values of the ir-ALC1 expression ratio at subendocardial and subepicardial sites from the infarcted and the noninfarcted regions of the infarcted ventricle and the control ventricle are shown in Figure 4 . The infarcted (n= 16) and the noninfarcted regions (n =14) of 11 patients with old myocardial infarction (patients [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] in Table 1 ) were examined. Ir-ALC1 expression ratio was significantly higher in the infarcted ventricle than in the control left ventricle both in the subendocardial (11.4±7.3 versus 1.0±1.5%, p<0.0001) and subepicardial sites (5.8±6.7 versus 0.5±0.8%, p<0.001) ( Figure  4) . Furthermore, the ir-ALC1 expression ratio was significantly higher in the subendocardial site than in the subepicardial site in the infarcted region of the infarcted ventricle (p<0.005) and the control ventricle (p<0.05), although this was not statistically significant in the noninfarcted region of the infarcted ventricle ( Figure 4) . Figure SC, lanes 3 and 7) . In addition, the considerable expression of ir-VLC1 was also observed in the right and left atria where ir-ALC1 is predominant ( Figure 5C , RA and LA). The aneurysmal tissues obtained by the ventricular aneurysmectomy were analyzed, and examples are shown in the three samples adjacent to each other ( Figure 6 ). The ir-ALC1 expression ratios were much higher in the aneurysmal tissue than in the noninfarcted regions and the control heart. The ratios were higher at the subendocardial sites than at the subepicardial sites in samples B and C, whereas they were almost equal in the two sites in sample A where the wall was the thinnest.
Relation Between the ir-ALCi Expression Ratio and the Tissue Protein Concentration
By logarithmic transformation of the ir-ALC1 expression ratio, a significant linear negative correlation (r= 0.65, p<0.0001) was observed between log ir-ALC1 and tissue protein concentration ( Figure 7A ). Moreover, it is noteworthy that the correlation coefficient was considerably improved when the regression analysis was done only on the subendocardial myocardium sites (filled symbols). The logarithm of ir-ALC1 expression ratio at the subendocardial site significantly correlated with the tissue protein concentration (r= 0.84, p<0.0001) ( Figure 7B ). 
Immunohistochemical Analysis
Control hearts. In the immunohistochemical study using KAI, ir-ALC1 was observed in all of the atrial myocytes ( Figure 8A ) but in only some of the ventricular myocytes in the control subjects ( Figure 8C ). The endocardium, connective tissues, and vascular smooth muscles were not immunoreactive for ALC1. In contrast, all of the viable myocytes in both the atrium and the ventricle were homogeneously immunostained with KB1 ( Figures 8B and 8D) .
Infarcted hearts. The viable cardiac myocytes located in the infarcted regions were strongly immunostained for ALC1 in comparison with those in the noninfarcted regions of the infarcted heart and in the control ventricles. Especially in the case of the left ventricular aneurysm, most of the myocytes located in the subendocardial regions were immunoreactive for ALC1 ( Figure  9A ). Fibrous tissues of the aneurysmal wall were not immunoreactive. Some of the surviving cells included in the infarcted tissue were not immunoreactive for ALC1 (Figure 9A ), although the corresponding cells were homogeneously immunostained with KB1 ( Figure 9B ). with old myocardial infarction using immunoblotting and immunohistochemical procedures. This is the first study, to the best of our knowledge, to demonstrate that regional differences, including the transmural gradient, of ALC1 expression exist in the infarcted ventricle. Two monoclonal antibodies used, KA1, specific for only ALC1, and KB1, specific for both ALC1 and VLC1, were useful tools for the analyses of ALC1 expression and its distribution. Immunohistochemical analysis confirmed the results obtained by immunoblotting, although each method provided its characteristic findings. The immunoblotting of LC1s with KB1 followed by densitometric analysis showed that the values of the ir-ALC1 expression ratio at the subendocardial sites were significantly higher in the infarcted region than in the noninfarcted region of the infarcted ventricle or in the control ventricle. Moreover, we demonstrated that the expression of ir-ALC1 was significantly higher at the subendocardial sites than at the subepicardial sites both in the infarcted and the control ventricles. These findings are interesting in view of the fact that ALC1 is a dominant isoform of LC1 in atria'0 and seems to be identical with the fetal LC1 in ventricles.1"12'14 We have shown that the tissue level of atrial natriuretic peptide (ANP), which is synthesized and secreted primarily from atria in adult mammals, was much higher in the left ventricular aneurysm than in the corresponding part of the normal ventricle and that the subendocardial region contained a higher amount of ANP than the subepicardial regions.36X37 Moreover, ANP is synthesized in ventricles at the early developmental stage.38 Thus, ALC1 seems to have a close resemblance to ANP in its spatial and temporal distribution. In addition, the previous reports showed that the fetal-type isoforms, such as ,B-myosin heavy chain'6,17 and MB type of creatine phosphokinase,39 were strongly expressed in the subendocardial region of the hypertrophied ventricle. Thus, the regional stretch caused by overload may induce fetal proteins, including ALC1, in the pathological state of the adult ventricle, because the wall tension in the subendocardial half is greater than that in the subepicardial half.40 It is interesting to note in this connection that ALCI was expressed strongly and transmurally in the thin wall of the ventricular aneurysm, where wall tension is expected to be very high.
Regression analysis revealed that a significant negative correlation exists between the ir-ALCI expression and the tissue protein concentration. Moreover, the correlation coefficient was considerably improved when the regression analysis was done only on the subendocardial half. In the present study, the reduction of protein concentration in infarcted ventricles seems to reflect not only the loss of cardiac myocytes but also the increase of collagen fibers in each region, because we used Tris-buffered isotonic solution (pH 7.5), in which collagen fibers are insoluble,4 to homogenize the cardiac tissue samples. The value of protein concentration in each region was consistent with the microscopic histological observations that viable myocytes disappeared and were replaced by fibrotic tissue in the infarcted regions and that the interstitial substances were considerably increased even in the noninfarcted regions of infarcted hearts. By immunohistochemical study, increased immunoreactivity for ALCI was observed in most of the viable myocytes located at the subendocardial sites in the infarcted regions. These findings again support the hypothesis that the increased stretch per surviving myocyte induces the reexpression of ALC1 in the process of structural remodeling of the ventricle.
In cases of left ventricular aneurysm, the ir-ALC1 expression ratio of transmurally scarred tissue could not be evaluated because of the marked reduction in the number of cardiac myocytes across the infarcted region. Several studies demonstrated that the expression of messenger RNA of VLC1 and its protein increased in rat53 and human11,54 overloaded atria. We also found the phenomenon through the examination of autopsied human atria by Western blotting ( Figure 5C ). In the present study, we demonstrated that the reciprocal event, LC1 isoform transition from the ventricular type to the atrial/fetal type, also occurred in overloaded ventricles with old myocardial infarction. This reversion may be related to the fact that the adult ventricular myocardium is a terminally differentiated tissue and normally synthesizes new proteins at only a slow rate. 55, 56 In pathological states such as old myocardial infarction, adult myocardial cells may have to revert the pattern of protein synthesis to that seen earlier in ontogeny to regain the capacity that they originally had during development.
Two recent reports demonstrated that no ALC157 or only a trace58 was expressed in overloaded ventricles with dilated cardiomyopathy and other heart diseases. The discrepancy between their results and ours may be a result of the procedures for the analysis of ALC1 expression. There is no question that immunological detection is more specific and sensitive for the examination of ALC1.
In conclusion, we demonstrated that expression of ALC1 was increased both in the infarcted regions and in the noninfarcted regions of the infarcted ventricles compared with in the control ventricles, that the degree of the expression was more marked in the former than in the latter, and that the increased expression of ALC1 was more marked in the subendocardial than in the subepicardial myocardium. The functional consequences of the appearance of ALC1 in the infarcted ventricle are not known at present. We suggest that the reexpression of ALC1 in infarcted ventricles occurs as one of the regional adaptational responses to increased load and may be a useful biochemical marker for the appearance of fetal-type myocytes. 
